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Body structure versus body function in haemophilia:

the case of haemophilic ankle arthropathy
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Table 1. Characteristics of the study group (n=21)

) # # ) #

$! ) <
$H#HS S # )
$##$ $# # C

(# # YW #&

Age (years)

Weight (kg)

Height (m)

BMI (kg/m?)

Haemophilia A/B

Factor deficiency (severe/moderate/mild)

Clinical assessment
Ankle arthropathy (unilateral/bilateral)
Knee arthropathy without surgery (unilateral/bilateral)
Total knee replacement (unilateral/bilateral)
Total hip replacement (unilateral/bilateral)
Elbow arthropathy (unilateral/bilateral)
Shoulder arthropathy (unilateral/bilateral)

Medical treatment
Prophylaxis/on-demand treatment
Use of NSAID (daily/on demand/none)

39 + 9 (21-60)

81 + 15 (60-123)

1.75 + 0.05 (1.66~1.85)
26.0 + 4.9 (19.3-38.8)
(20/1)

(20/1/0)

21 (0/21)
5 (2/3)
10 (4/6)
2 (2/0)
18 (3/15)
3 (0/3)

(9/12)
(6/5/10)

Values are mean + SD (range)

BMI: body mass index; NSAID: nonsteroidal anti-inflammatory drug; SD: standard deviation.

AS$ < HT7T &H#H # + #
6# # E " # # )
< + $ $##

<# ) + # ( +6) $
#  4/5X=Y# 2 XY # $ # $ 3
i #H$ # #
¥ # #& S $#$ X=Y3 $ # (
# & + # ) $ # $
#&# # | $#  #  # +H# #
$ $ + # X?Y3 < $#

$ | $# < # 2

& # )+ $#

#A $ 4E" $ 5X>Y(
X?Y3 #  S# & #  #7T
# % Vv

| $# it

Y#H A $#

$# % X-Y #

) $# #)$ # 3

#+ )
I $#
#



#)

$# 3" $$)# $ # # 2 $ #
#) + E'< $ i $# $ 3

Table 2. Summary of the tools used in this study in order to assess ankle joint

Structural assessment

A-H radiological joint score Progressive scale (the most advanced change determines the score)
Based on six radiographic stages
Ranges from 0 (normal joint) to 5 (end-stage arthropathy)

Pettersson radiological score Additive system (the sum of changes determines the score)
Based on the presence or absence of eight specific radiographic features
Ranges from 0 (normal joint) to 13 (end-stage arthropathy)

Combined structural and fonctional assessment
WFH clinical score Additive system

Based on seven components including both aspects of "body function" (joint ROM,
flexion contracture, joint instability, crepitus with motion) and "body structure"
(swelling, muscle atrophy, axial deformity)

Ranges from 0 (normal joint) to 12 (end-stage arthropathy)

Functional assessment

FFI-R short-form Region-specific outcome instrument
Additive system
Global score assessing both feet together
Each item assesses foot function over the past week
Ranges from 0 to 30 (maximum pain score) or 36 (maximum stiffness score)

Simultaneous analysis of joint kinematic (modeling of body segment movements)
3DGA _ . . .
and kinetic (force interactions of the foot with the ground)

Allows to objectively quantify joint motion, muscular moment and power in a
dynamic and weight-bearing condition

Good reproducibility, sensitivity and sensitivity to change

A-H score: Amold-Hilgartner score; WFH: World Federation of Hemophilia; ROM: range of motion; FFI-R: Foot Function
Index-Revised short-form; 3DGA: three-dimensional gait analysis
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Table 3. Results of ankle assessment
Ankle clinical assessment [n=42 (21 x 2 for both legs)]
WFH score 5+ 2 (1-10)
Ankle radiological assessment (N=42)
A-H score 4[4;4]
Pettersson score 8[7;9]
Ankle FFI-R assessment (N=21)
Pain subscale (max.=30 pts) 11 £ 4 (5-19)
Stiffness subscale (max.=36 pts) 15+ 5 (6-28)

Ankle 3DGA assessment (N=42)
AROM (9
Speed-normalized AROM (percentile)
Peak muscular moment (N.m.kg™)
Speed-normalized peak muscular moment (percentile)
Peak muscular power (W.kg?)
Speed-normalized peak muscular power (percentile)

14.4 + 3.9 (8.4-24.2)
0.3[0.04;1.2]

1.02 + 0.28 (0.44-1.62)
50.4 + 28.6 (7.0-95.8)
1.89 + 0.94 (0.63-4.03)
9.2 [3.9;30.7]

Values are mean + SD (range) or median [P25;P75]

WFH, World Federation of Hemophilia; A-H score, Arnold-Hilgartner score; FFI-R, Foot
Function Index-Revised short-form; 3DGA, three-dimensional gait analysis; AROM, active

range of motion; SD, standard dewviation.



#)

Table 4. Correlations between FFI-R functional subscales, clinical/radiological scores and 3DGA variables (n=21)

Pettersson Speed- Speed- Speed-
WFH clinical A-H radiological . ceres 3DGA pee 3DGA pee 3DGA pee
N score? radiological AROM? normalized Moment® normalized Power normalized
score score® 3DGA AROM? 3DGA Moment?® 3DGA Power®
FFI-R pain 0.28° 0.16 0.13 -0.50* 0.19 -0.59* -0.43 -0.64** -0.32
0.23° 0.50 0.59 0.03 0.42 0.006 0.06 0.002 0.17
FFI-R stiffness 0.38 0.34 0.37 -0.65** -0.03 -0.64** -0.48* -0.75* -0.50*
0.10 0.14 0.11 0.002 0.90 0.003 0.03 <0.001 0.02

& Summed value for both ankles
b Spearman correlation coefficient
¢ P-value *P <0.05; **P <0.005

FFI-R: Foot Function Index-Revised short-form; 3DGA: three-dimensional gait analysis; WFH: World Federation of Hemophilia; A-H radiological score: Arnold-
Hilgartner radiological score; AROM: active range of motion.
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Table 5. Correlations between ankle power, speed-normalized ankle power, clinical and
radiological scores (n=42).

WFH clinical A-H radiological Pettersson
score score radiological score

3DGA Ankle Power -0.27% -0.25 -0.24
0.08° 0.11 0.12

3DGA Speed-normalized ankle Power -0.26 -0.28 -0.26
0.10 0.07 0.10

WEFH clinical score 0.60** 0.59**

<0.001 <0.001

A-H radiological score 0.84**

<0.001

@ Spearman correlation coefficient.
b P-value *P< 0.05; **P < 0.005.

WFH, World Federation of Hemophilia; A-H radiological score, Arnold-Hilgartner radiological
score; 3DGA, three-dimensional gait analysis.
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Table 1. Characteristics of the study group
Variables n=18
Age (years) 40 + 10 (21-60)
Weight (kg) 81 + 15 (60-123)
Height (m) 1.76 + 0.06 (1.66-1.87)
Body mass index (BMI) (kg/m?) 26.2 + 4.8 (21-38.8)
Haemophilia A 17
Haemophilia B 1
Sewere factor deficiency 16
Moderate factor deficiency 2
Clinical assessment
Ankle arthropathy (unilateral/bilateral) 18 (2/16)
Knee arthropathy without surgery (unilateral/bilateral) 6 (3/3)
Total knee replacement (unilateral/bilateral) 8 (4/4)
Total hip replacement (unilateral/bilateral) 1 (1/0)
Elbow arthropathy (unilateral/bilateral) 13 (3/10)
Shoulder arthropathy (unilateral/bilateral) 2 (0/2)
Medical treatment (prophylaxis/on-demand) 18 (8/10)

Values are mean+SD (range) for age, weight, height and BMI.
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Table 2. Reproducikility study of the three-dimensional gat analysis (3CGA) variables and paired comparison between the two periods T0 and T1

Agreement Reliability Paired comparison
SEM  SEM% MDCss MDCgs% 1CC To® Tt P-alue
Spatiotemporal perameters (N=36)
cadence (step/min) 2,59 2.8 8.3 78 0.84 106273 107.5+8.0 0.053
step length Imeter) 0.c2 2.9 0.05 8.0 0.96 0.68 +£0.10 069+0.10 0.837
stanze phase duration (% gait cycle) 0.48 0.7 1.3 20 0.87 652115 b5 E+15 0002+
Kinematic® (n=36)
znklz dersiflexion at heel strike (%) 21 329 7.5 91,2 0,66 8748 T8+448 0,157
znklz maximurr flexion at loading response ) 1.70 17.0 47" 47 0° 0.72 9.2 [7.3:12.6] 9.7 [72:121] 0,35
znklz sagittal ROM at push-off phase (%) 1,24 8.2 3.4 227 0,94 161149 "E3+48 0,71
znklz transversal EOM () 1,62 232 5.3 64,2 0.71 8336 33+£1348 0,934
znklz average transversal position (¥ 3,24 17.7 9.0 48,9 0,74 179 +6.8 188+£50 0,22
knee flexion at heel strike ) 4.43 53,9 12,3 1493 0,74 7387 31+849 0,087
knee maximum flexion at loading response (7) 1.¢5 18" R4° a0 2° 0.9 12.0[7.0;15.9] 122 [£.2:16.8] 0,229
knee ROM in swing phase %) 2,62 52 81 14,3 0,91 BR1 107 30+ 119 <0,001%
Fip flexion at heel strike (%) 4,89 16,5 13.6 43,0 0,74 32094 M2+98 0,697
Fip cagital ROM (%) 2E6 6.2 7A 17.2 0,79 A21 6. 43.3+568 0,076
Fip frontal ROM (%) 123 12,3 37 3.2 0,82 109+3. “0.7+31 0431
Fip tranzversal ROM (%) 3,10 19.7 3.6 £4.6 0,59 16348 E2+48 0,14
pelvic sagittal ROM (%) 1.61 57.9 53%  16C.6° 0,02 2.9[2.5:3.5] 28[26:3.3] 0.677
pelvic frontal ROM (%) 137 197 38 629 0,65 TA£24 5.9+22 0,172
pelvic transversal ROM () 2,79 43,7 T 12110 0A7 SAM7.3] 66 [4.6:8.3] 0,677
Kinetic (n—28)
znklz max planzarflexion moment at push-off phase (N m kgl 0,14 13.6 0,39 37T 0,70 1.07 £0.22 1.02+ 030 0,145
knee max cxtension moment at loading responsc (N m kg™ 0,06 12.3 0,18 342 0,72 0531012 0531012 0,842
Fip max exlension mument al early luading respunse (b m kg™ 0,06 12, 0,16 334 0,52 047 +0.14 047+ 012 0,902
Fip max flexion moment at early swirg phase (N m kg™’ 0,06 240 0,16 66,5 0,64 025 +£0.09 -0.22+C.10 0.023"
znklz max power a1 push-off phase (W kz'™) 0,20 18,6 084" 433 0,583 193 [1.26:247]) 1.75[114274] 0073
knee max eccentric power at swing phase (W kg ') 0,14 14" 0583 4417° 0,74 ST R0 12 -5 7-0096] 0.00h
Fip max positive power of extensors at early loading response (Wkeg™) 0,11 ML 0,29 592 0.74 047 £0.23 052+020 0,092
Fip max positive power of flexors at early swing phase (W kg™) 0.2 7.6 0,04 210 067 022+010 0204010 0,129
Mechanical work / Energetics (n=18)
External work (1 kg™ m™) 0.c2 7.2 0,05 20,0 0,80 0.24 £0.04 025+ 0.04 0,185
Internal work (1 kg™ m™) 0,02 94 0,06 26,2 0,81 024+0.05 024+ 006 0,686
Total work (1 kg m) 0.c2 5.0 0.07 13.9 0,84 0.48 +0.06 050+ 0.07 0,184
Fecavery (%) 2,19 34 6.1 94 0,90 654 +8.0 633179 0.01%
Cost (1 kg m™?) 0.1 8.0 0.59 222 0,92 264071 265071 0,837
Efficiency (%) 217 1.0 6,02 304 0,87 196156 20.0+6.0 0,647

SEM, standard etor of mezsurement; SEM%, coefficient of variation of the SEM; MDCss, mirimal detectable charge using a 95% confidence interval; MDCsz%, coefficient
of variatior of the MOCas:; ICC, ntraclass conelation coefficient.

*P<0.05; P <0.005.

*Pesitive znd negative knematic transversal values represent respectively inzernal end extzrmal rctation.

M/zlues are mean £ S0 or mecian [P25;P75].
“Not meaningfully interpretable.
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Chapter 3

Impact of multiple orthopedic impairments of the
lower limb joint on the energetics and mechanics of

gait in haemophilia patients
Submitted
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Table 1. Characteristics of the study group (n=31)
Age (years) 40 + 9 (22-61)
Weight (kg) 82 + 15 (57-126)
Height (m) 1.77 + 0.07 (1.65-1.87)
BMI (kg/m?) 26 + 5 (19-40)
Hemophilia A/B (28/3)
Factor deficiency (severe/moderate/mild) (27/4/0)
Clinical assessment
Total clinical score for the six lower limb joints (max. individual score = 68 pts) 15+ 7 (2-32)
Mean affected joints/patient 3.1+ 0.9 (1-5)
Lower limb articular status
Unilateral ankle OA 1
Unilateral ankle OA + unilateral knee OA 1
Unilateral ankle OA + bilateral knee OA 1
Bilateral ankle OA 9
Bilateral ankle OA + unilateral knee OA 5
Bilateral ankle OA + bilateral knee OA 3
Bilateral ankle OA + unilateral TKR 4
Bilateral ankle OA + bilateral TKR 4
Bilateral ankle OA + unilateral knee OA + unilateral TKR 1
Bilateral ankle OA + bilateral TKR + unilateral THR 2
TOTAL 31
Values are mean * SD (range)
BMI: Body Mass Index; OA: osteoarthritis; TKR: total knee replacement; THR: total hip replacement
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# 0

Table 2. Results of the statistical test on the normalized energetics and mechanics variables (Z-scores) for the hemophila group and absolute values mean
for the haemophilia group and speed-matched control group

Gait variables Z-score Absolute values mean ©
Multiple Joint b . Multiple Joint |
Impairment group * p-value (unit) Impairment group * Control group

Kinematics

Mean ankle sagittal ROM at push-off phase -2.54 £ 0.67 <0.001 O 15.0 27.7

Mean knee ROM in swing phase -0.52 +1.44 0.054 O 55.6 60.1

Mean hip sagittal ROM -0.66 + 1.08 <0.001 © 42.8 459
Mechanical work / Energetics

W -0.38 + 1.04 0.049 (I kg™ m™) 0.245 0.261

Wiy -0.37 [-0.99;0.39] 0.256 (I kg™ m™) 0.255 0.259

Wigr -0.37 £1.25 0.109 (kg™ m™) 0.500 0.520

Recovery 0.64 +0.84 <0.001 (%) 64.7 60.2

S, 0.99 +1.32 <0.001 (m) 0.034 0.028

Cret 2.71+2.01 <0.001 (kg™ m™) 2.73 1.96

Efficiency -1.10+0.81 <0.001 (%) 19.7 27.2

Abbreviations: ROM: range of motion; W, external mechanical work; W,,: internal mechanical work; W,: total mechanical work; S,: vertical centre of
mass displacement; C,.;: mass-specific net cost of transport
#Z-score is expressed as mean + SD (one sample t-test) or median [P25 ; P75] (one sample Wilcoxon signed-rank test)

bp-value indicates if the Z-score significantly differed from 0: One-sample t-test (normally distributed values) OR one-sample Wilcoxon signed-rank test
(non-normally distributed values)

°As Z-value was a dimensionless quantity, the gait variables in both groups were also expressed in their original units for better readability. Absolute value
means for each variahle are therefore strictlv indicative as these valiies renresent the mean of raw data of natients/controls walkina at different self-
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# 1

Table 1. Results of the statistical test on the normalized spatiotemporal, kinematics, kinetics, energetics and mechanics variables (Z-scores) for the ankle
osteoarthritis group and absolute values mean for the ankle osteoarthritis group and speed-matched control group.

Gait variables @ Z-score Absolute values mean ¢
Ankle OA® P-value© (unit) Ankle OA  Control
Spatiotemporal parameters
cadence 0.49 (1.03) 0.847 (step min'l) 109.9 109.5
step length -0.46 (1.05) 0.092 (m) 0.72 0.75
stance phase duration 1.15[0.74;1.44]  0.012 (% gait cycle) 64.8 64.1
Kinematics
ankle sagittal ROM at push-off phase (third rocker) -2.55 (0.82) <0.001 (degree) 16.0 28.7
knee maximum flexion at loading response 0.40 (0.91) 0.088 (degree) 14.7 12.2
knee ROM in swing phase 0.43 (0.71) 0.024 (degree) 64.2 60.9
hip sagittal ROM -0.47 (0.82) 0.032 (degree) 44.7 46.9
Kinetics
ankle peak plantarflexion moment at push-off phase 0.76 [0.23;1.48] 0.031 (N mkg?) 1.19 1.06
ankle peak power at push-off phase -0.73 (0.99) 0.008 (W kg™ 2.35 2.94
knee peak extension moment at loading response -0.82 (0.42) <0.001 (Nmkg?) 0.62 0.79
knee peak eccentric power at swing phase -0.40 (0.50) 0.004 W kg™ 1.53 1.83
hip peak extension moment at early loading response 0.15 (0.39) 0.14 (N mkg?) 0.55 0.53
hip peak flexion moment at early swing phase -0.90 (0.34) <0.001 (Nmkg? 0.28 0.51
hip peak positive power of extensors at early loading response -0.11 (0.41) 0.302 (W kg™ 0.62 0.65
hip peak positive power of flexors at early swing phase -0.85 (0.23) <0.001 (W kg™ 0.22 0.53
Mechanical work / Energetics
Wxe -0.61 (0.99) 0.085 @ kgt m™) 0.23 0.26
W, 1.54 (1.22) 0.003 @ kg m™) 0.44 0.37
Vertical CoM displacement 0.88 (1.01) 0.022 (m) 0.034 0.029
Wine -0.74 (0.63) 0.005 @ kgt m™) 0.24 0.27
Wit -0.97 (0.92) 0.009 @ kgt m?) 0.48 0.53
Recovery 0.97 (0.78) 0.004 (%) 69.5 62.7
Chet 1.78 (1.58) 0.006 @ kg™ m™) 2.29 1.87
Efficiency -0.97 (0.65) 0.001 (%) 21.4 28.0

Abbreviations: OA: osteoarthritis; We,,: external mechanical work; Wv. work done against gravity; CoM: centre of mass; Wiy: internal mechanical work;
W,q: total mechanical work; C,e;: mass-specific net cost of transport.
Bold values are significant with P 0.05.

aN=10 subjects with ankle OA for mechanical work and energetics variables, N=17 OA ankles (3 normal ankles were excluded) for spatiotemporal,
kinematics and kinetics variables.

bZ-score is expressed as mean (standard deviation) (one sample t-test) or median [P25 ; P75] (one sample Wilcoxon signed-rank test).

°p-value indicates if the Z-score significantly differ from the normal population mean = 0.
dAhsolite valiies means for each aait variables are strictly indicative as these valties renresent the mean of raw data of natients/controls that have walked
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Chapter s

Functional impact of custom-made foot orthoses in

patients with haemophilic ankle arthropathy
Haemophilia. 2012 May; 18(3):e227-35
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Weight (kg)
Height (m)
BMI (kg/m?)
Haemophilia A/B
Factor deficiency (severe/moderate/mild)
Medical treatment
Prophylaxis/on-demand treatment
Ankle assessment (n=16 X 2)
Ankle arthropathy (unilateral/bilateral)
Pettersson radiological score (max. 13)
Associated lower limb arthropathy
Knee arthropathy (unilateral/bilateral)
Total knee replacement (unilateral/bilateral)
Total hip replacement (unilateral/bilateral)

41 + 11 (21-60)

81 + 15 (63-123)

1.77 +0.06 (1.67-1.87)
26 + 4 (21-39)

(15/1)

(13/3/0)

(719)

32 (0/16)
8[7:9]

(5/1)
4/3)
(1/0)

Values are mean * SD (range) or median [P25;P75].

BMI, body mass index
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Table 2. Results of the satisfaction questionnaire and adverse effects of
custom-made foot orthoses

Number of

Questions patients (%)
Total responses to satisfaction questionnaire 16 (100)
Are you satisfied with the comfort of your orthoses?

Yes, improvement 10 (63)

No change 4 (25)

No, deterioration 2 (13)
What are the advantages of your orthoses?

Pain reduction 10 (63)

Improved proprioception 4 (25)

Diminution of pain killer/NSAID 3 (19)

Improved walking endurance 3 (19)

Decrease of swelling 1(6)

What are the disadvantages of your orthoses?
Tendonitis 2 (13)
NSAID, non-steroidal anti-inflammatory drug.
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Table 3. Mean spatiotemporal, mechanic and energetic variables results for the Orthopedic Shoes and Insoles groups in the pre- and post-
orthosis intervention conditions. As comparison, normal values established in healthy subjects are also showed.

Orthopaedic Shoes (n=5) °

Orthopaedic Insoles (n=11) °

Spatiotemporal parameters (n=32 limbs)
cadence (step mint)
step length (m)
stance phase duration (% gait cycle)

Mechanical work / Energetics (n=16 subjects)

External work (J kgt m™)
Internal work (J kg m1)
Total work (J kgt m™)
Recovery (%)

Cost (J kgt m?)
Efficiency (%)

Pre Post Pre Post Normal Values ®
110.0+5.7 105.5 + 9.7* 105.6 £ 7.9 105.7 £ 7.2 105.9+6.1
0.66 + 0.09 0.68 + 0.08* 0.69 + 0.08 0.69 + 0.07 0.72 £ 0.05

65.6 £ 2.2 66.1+1.9 65.7£1.2 65.8+1.2 64.8+1.2
0.236 £ 0.044 0.261 £ 0.064 0.253 +£0.039 0.252 + 0.028 0.252 + 0.042
0.255+0.026 0.265 + 0.043 0.238 £ 0.067 0.247 +£0.100 0.260 £ 0.034
0.493 +£ 0.056 0.528 + 0.097 0.489 +0.072 0.497 £ 0.104 0.510 £+ 0.061

64.0 £9.0 65.1 + 9.2%% 63.0+8.4 66.3 + 5.3*% 62.6 £7.2

2.80+0.91 2.91+1.03 2.47 £ 0.67 2.46 £ 0.47 1.85 % 0.27
185+7.1 18.7+6.5 21.4+5.9 21.2+6.3 28.3+6.7

Values are mean * SD.

*Significant change (P <0.05) as regard to the pre-orthose condition.

aNormal values at 1.11 m s* established in eight healthy subjects (mean age 29 + 16 years; weight 65 + 10 kg; height 1.74 + 0.05 m), with
no history of orthopedic or neurological pathology affecting the lower limbs.

bMeans, but not SDs, are adjusted for covariates introduced in the mixed models (see Material and Methods).
$Change in this variable was significant when both orthopedic shoes and insoles groups were considered together.
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